[1] Previous studies have shown (1) that the Tibetan Plateau produces a significant fraction of the two components of the Equatorial Mountain Torque (EMT) in winter, (2) that these torques are in part related to the East Asian cold surges, and (3) that the cold surges affect the convection over the maritime continent. We show here that these relations are strong enough for the convection over the Equatorial South China Sea to be associated with significant signals on the two components of the EMT that can precede by a few days and more the convection. These signals are associated to surface pressure and temperature patterns that are strongly reminiscent of the East Asian cold surges. Our results therefore show that the Tibetan Plateau couple dynamically the midlatitudes and the tropical region, and that the vectors of this dynamical coupling are the cold surges. This coupling also influences the convection over the northern Bay of Bengal, mainland southeast Asia, and Indonesia.
Introduction
[2] During the northern winter, the weather in eastern Asia, the South China Sea (SCS) and the maritime continent is dominated by the winter monsoon, where the active monsoon phase is characterized by northerly low-level winds along the East Asian coasts extending from Japan to the SCS. This monsoon is also associated to intense convective events over the SCS and Borneo [Houze et al., 1981; Murakami, 1980] . The variability of this monsoon has tropical and extratropical influences. It is modulated by the major modes of the equatorial variability, like the El Niño Southern Oscillation [see Chang et al., 2004] and the Madden-Julian oscillation (MJO) [Ichikawa and Yasunari, 2006] . At shorter timescales, Chang et al. [2005] have shown that the Borneo vortex intensity and the cold surges can be as important as the MJO in modulating this monsoon. For the cold surges, this effect was also noticed by Chang and Lau [1980] and Chang et al. [1979] , who have shown that the cold surges are followed by increased convection over the equatorial South China Sea (ESCS), while Johnson and Priegnitz [1986] have analyzed a particular case in Dec. 1978 of a cold surge influencing the cloud cover over the SCS. These observational results have also been reproduced in GCM simulations by Slingo [1998] .
[3] The cold surges are an important factor of the winter variability along the eastern slopes of at least three major mountain ranges: the complex formed by the Himalayas and the Tibetan Plateau (for conciseness, this complex will be named ''Tibetan Plateau'' in the following), the Andes and the Rockies [Hsu and Wallace, 1985; Garreaud, 2001] . In the case of the East Asian cold surges, they last 5 to 14 days, and a characteristic duration for the strong events is 9 days [Zhang et al., 1997] . Statistical studies [e.g., Murakami, 1981] as well as numerical simulations Nakamura and Murakami, 1983; Sumi, 1983] have shown that the orographic effects are a crucial part of the East Asian cold surge dynamics. However, they did not consider the EMT signals associated to these transient phenomena, or their tropical implications.
[4] In mountain meteorology, it is quite common to measure the dynamical influence of mountains on the atmosphere by forces [Davies and Phillips, 1985] . In the midlatitudes and for large mountain ranges, a good fraction of these forces is due to the surface pressure patterns that are in geostrophic balance with the wind [Smith, 1979] . As this process can trigger baroclinic wave development and force planetary scale waves, these mountain forces need to be represented properly in the Numerical Weather Prediction models and the General Circulation Models [Lott, 1999] .
[5] If we adopt a planetary scale approach, which is mandatory for massifs of the scale of the Tibetan Plateau, the Equatorial Atmospheric Angular Momentum budget [e.g., Feldstein, 2006] is a well closed framework to analyze these forces: if there is a positive surface pressure anomaly to the North of the Tibetan Plateau, it yields a positive torque (T M,1 ) along the equatorial axis of the Earth that crosses the Greenwich meridian. A positive pressure anomaly to the East yields a negative torque (T M,2 ) along the equatorial axis located at 90°E.
[6] For the Tibetan Plateau, Hoinka [2000, 2008] have shown that this mountain range produces substantial signals in T M,1 and T M,2 that are in lead-lag relationship (a signal in T M,1 being followed by a signal in T M,2 of the opposite sign). As the cold surges are associated with surface pressure anomalies that travel from the Northern flank of the Tibetan Plateau and intensify on the eastern flank, we will show that this relation between T M,1 and T M,2 is often related to the cold surges (this was only suggested by Egger and Hoinka [2008] ).
[7] The object of this letter is to show that the dynamical forcing of the Tibetan Plateau on the East Asian winter monsoon is strong enough to have a direct impact on convection over a major monsoon variability center, the Equatorial South China Sea. To establish this, we will show that the convective events over the ESCS are often preceded by a few days by significant signals on T M,1 and T M,2 ; we will also show that the vectors of this relationship between the Tibetan Plateau and the monsoon convection are the cold surges. Finally, we will show that the dynamical effect of the Tibetan Plateau's EMT on tropical convection is not limited to the ESCS, but also concerns the northern Bay of Bengal, mainland southeast Asia, and Indonesia.
Data and Methods
[8] To reveal that the convection over the ESCS is affected by the EMT generated by the Tibetan Plateau, we will use the daily data of the temperature at the .995 sigma level, T 50m , and of the surface pressure, P S , both from the NCEP/NCAR reanalysis [Kalnay et al., 1996] . To characterize the convection, we will use the daily data of the Outgoing Longwave Radiation from the NOAA interpolated OLR data set [Liebmann and Smith, 1996] , hereinafter OLR in the text or R l in the Equations. From both data sets, we will analyze the 29 years over which they overlap (1979-2007) .
[9] As we are interested in the dynamics of the intraseasonal and synoptic variations of convection, these two data sets will be filtered in two steps. First the annual cycle is removed and second a Lanczos high-pass filter [Duchon, 1979] is applied to remove the interannual variations. The half-power point of this filter is chosen at .005 cycles/day, which removes all the interannual variations but does not affect the IS and synoptic variations. The length of the filter weighting function is chosen at 601 days. In the following, the resulting filtered series will be called subseasonal and written e T 50m , e P S and e R l . To build an index of the convective activity over the ESCS, we average the opposite of e R l over a sector ranging from 105°E to 120°E and from the equator to 15°N, which largely dubs the ESCS,
where S is the surface of the sector, l is the longitude, f the latitude, and a is the Earth radius.
[10] With this definition, positive values of e I C correspond to a low OLR, and negative values of e I C correspond to a high OLR.
[11] The two components of the EMT due to the Tibetan plateau are computed following [Feldstein, 2006] :
where Z s is the surface elevation. Note that the integrals in equations (2) and (3) [12] As the Tibetan Plateau is centered near the longitude 90°E, a positive e T M,1 results from a positive South-North pressure gradient over the topography while a negative e T M,2 is associated to a West-East positive pressure gradient. Note that positive West-East pressure gradients also produce a positive polar torque e T M,3 [Lott et al., 2004] .
[13] The composite maps and series of Figures 1 and 2 are built using the 20 strongest positive peaks and the 20 strongest negative peaks of e I C from November through March (NDJFM) during the 1979-2007 period. According to Zhang et al. [1997] , we only select dates from November to March (NDJFM), these months being the most suitable to study the East Asian winter monsoon and the cold surges. A minimum separation of 20 days between two successive peaks of e I C has been imposed to ensure that successive events are statistically independent. This allows to use a Student t-test to evaluate the confidence levels.
[14] The minimum OLR values associated to the positive peaks of e I C are very low (from 93 Wm À2 to 130 Wm
À2
) and correspond to brightness temperatures from 201 K to 219 K. 
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According to Fu et al. [1990] , it is very likely that these low values are due to deep convection.
[15] The time lags are expressed in days relative to the peaks in e I C : D0 is the day when e I C peaks and D-3 is three days before.
Equatorial Torques Due to the Tibetan Plateau
[16] The composites of the subseasonal series e T M,1 and e T M,2 keyed on the convection index, e I C , are shown in Figure 1a . In it we can see that there is a significant positive anomaly in e T M,1 from D-6 to D-2 which peaks at D-5. After this peak in e T M,1 , Figure 1a shows that e T M,2 becomes negative, and this lasts from D-4 to D0.
[17] To characterize more precisely the timescales over which the convection over the ESCS and the torques are related, it is noticeable in Figure 1a that the peaks in e T M,1 and e T M,2 are significant during 5 days, and thereafter return to zero in around 5 days. These rather slow variations therefore have characteristic periods around 20 days (from peak to peak), which means that they can be extracted by the Blackmon [1976] low-pass filter that separates the high frequencies (periods below 10 days) from the low frequencies (periods above 10 days). Hereinafter, the resulting low-pass filtered series will be referred to as intraseasonal (IS). It is important to emphasize here that the IS series of e T M,1 , e T M,2 , and e I C capture around 60% of the variance of the unfiltered series T M,1 , T M,2 , and I C with annual cycle substracted. As expected, both IS e T M,1 and IS e T M,2 have strong signals a few days before the convective events (Figure 1b) , with a significant positive signal on the Greenwich component ( e T M,1 ) peaking at D-5, followed by a negative signal on e T M,2 peaking at D-2. This succession of a positive signal on the IS e T M,1 and of a negative signal on the IS e T M,2 is for us the evidence that the Tibetan Plateau often applies a strong dynamical forcing to the air masses during the week that precedes convection over the ESCS.
Composites of the Temperature and Surface Pressure Fields Before the Convective Events Over the ESCS
[18] The composite maps of the IS e P S and of the IS e T 50m during the week before the convection peaks are in Figures 2 (left) and 2 (right), respectively. At D-6, a significant high pressure anomaly is forming with maximum value around 3.5 hPa in southern Siberia (Figure 2a) . At the same time, a low temperature anomaly, with minimum value around 3 K, is extending from southern Siberia to the Korean Peninsula (Figure 2b ). The following days (Figures 2c -2h ), these anomalies in e P S and e T 50m extend in size and gain in significance: at D-4, the high pressure anomaly is significant over southern Siberia, Mongolia and Northeastern China, which creates the peak of the IS e T M,1 at that time (Figure 1b) . At the same time, the temperature anomaly becomes significant over most of the eastern China (Figure 2d) .
[19] At D-2, the high pressure has moved southeastward along the slopes of the Tibetan Plateau (Figure 2e) , giving rise to the negative peak on e T M,2 observed on Figure 1b . At the same time, the temperature is dropping over all eastern China, the East China Sea and southern Japan (Figure 2f ). It is important to emphasize here that this pattern is typical of the East Asian cold surges [see Zhang et al., 1997, Figure 7 ].
[20] The IS surface patterns associated with heavy wintertime convective events over the ESCS are in Figures 2g and  2h , respectively. The IS surface pressure at D0 (Figure 2g ) is characterized by a large positive anomaly with maximal value around 2.5 hPa, centered at 30°N and covering the eastern China and down to the northern coast of the SCS. It almost coincides with a cold anomaly with maximal value around 2 K (Figure 2g) . Again, it is important to note that this association of high pressure and low temperature anomalies over eastern China and the northern coast of the SCS is strongly reminiscent of the signals observed near the end of the life cycle of the cold surges [Zhang et al., 1997] . This shows that there is a very significant link between convection in the ESCS and the occurrence of a cold surge 2 to 4 days before.
[21] During all this evolution, a low pressure anomaly seems to be moving eastward in the tropics, from the Indian ocean at D-6 and D-4 to the Philippines and the Western Pacific at D-2 and D0. This evolution may be related to the MJO, which is also known to influence convection over the ESCS in winter [Ichikawa and Yasunari, 2006] . This suggests that it is the combination of large scale tropical anomalies traveling eastward and of the anomalies coming from the midlatitudes and related to the Tibetan Plateau that results in intense convection over the ESCS.
Case Study and Influence Over Other Tropical Regions

A Strong Convective Event in November 1990
[22] To show the significance of our results for individual meteorological events, we next analyze a particular case. It corresponds to the week before 14 November 1990, a date for which the OLR is below 120 Wm À2 over the north of the ESCS, which denotes the presence of deep convective tropical clouds according to Fu et al. [1990] . This event is also the third strongest peak of e I C in the period we study.
[23] The days before the convection peaks, we can see on Figure 3 that there is a strong signal on e T M,1 from D-7 to D-5, followed by a strong signal on e T M,2 from D-5 to D-3 (here strong means more than 3 times larger than the standard deviations in each series). To characterize that a cold surge also develops during this period, we follow Zhang et al. [1997] and average the surface temperature over the sector [112.5°E; 117 .5°E] Â [25°N; 30°N] . In Figure 3b we see that this quantity has decreased by 12 K, which is twice the 6 K threshold proposed by Zhang et al. [1997] to characterize cold surges. According to Zhang et al. [1997] , there is also a threshold on sea level pressure over southern Siberia which is largely met in our case. This shows that, in this example, the evolutions of e T M,1 and e T M,2 are associated to a very strong cold surge, the latter occurring 4 days before the convection peaks. We can also note on Figure 3 that the signals in the EMT components and the averaged surface temperature last several days, in agreement with the time scales of the IS composites in Figure 1b .
Composites Keyed on the Himalayan Equatorial Torque
[24] In sections 3 and 4, we have analyzed the composites of the EMT components as well as of e P S and e T 50m keyed on the OLR in the ESCS. To strengthen the results found in these sections, we now proceed the other way round and build composites of the OLR keyed on the EMT components.
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[25] Figure 4a shows the composite of e R l averaged over the ESCS keyed on minus the IS e T M,2 and on the IS e T M,1 . This composite shows that the OLR over the ESCS reaches a very significant minimum 2 to 4 days after a minimum in the intraseasonal e T M,2 . This positive 2 -4 day lag is in agreement with the negative 2-day lag observed between e I C and e T M,2 in Figure 1b . Figure 4a also shows that the OLR over the ESCS reaches a significant minimum 4 to 8 days after a maximum in the intraseasonal e T M,1 , which is coherent with the negative 5-day lag observed between e I C and e T M,1 in Figure 1b. [26] Figure 4b shows all the regions over which the composite of e R l keyed on the IS e T M,1 has a significant negative peak (at the 99% significance level) between D+2 and D+10. This includes the SCS (not only the ESCS), but also the Bay of Bengal, northeastern India, most of the Mainland Southeast Asia, the Philippines, and Indonesia. The lag ranges between D+2 and D+8 depending on the regions, with a typical value of D+4 over the Bay of Bengal and Indonesia, D+6 over the ESCS and D+8 over the Philippines.
Conclusion
[27] The analyses presented in this paper reveal that the winter monsoon convective events over the ESCS are often preceded by large signals in both components of the EMT due to the Tibetan Plateau. These signals in the two components of the EMT are in lead-lag quadrature, and are associated with high surface pressure anomalies traveling from southern Siberia to the SCS within a week. The surface pressure and surface temperature patterns responsible for these relations T M,1 (black, solid) and on minus the IS e T M,2 (gray, solid) and corresponding 99% significance levels (dotted). (b) Zones over which the OLR composite keyed on the IS e T M,1 has a significant minimum at the 99% level between D+2 and D+9, and lag at which this minimum is reached (gray levels, in days after the peak of e T M,1 , see legend-box).
between the EMTs and the ESCS convection resemble the corresponding signals produced by the East Asian cold surges.
[28] To corroborate that the cold surges are in fact the vectors of these dynamical relations between the Tibetan plateau and the ESCS convection and to show that these relations are significant for the real weather, we have also analyzed one particular event characterized by very strong convection over the ESCS. This convective event is preceded by strong signals on the EMT components, and by a strong cold surge over southeast China.
[29] We have also found that the dynamical influence of the Tibetan Plateau on tropical convection is not limited to the ESCS: other regions such as the Bay of Bengal, Indonesia, and the north of the SCS have convection peaks in the days following the EMT events at the Tibetan Plateau.
[30] Our results suggest that the EMT affects the onset and the break of the winter monsoon active phases. They have some predictive interest in the sense that the signals on the torques precede by a few days and more these on the convection. From a more theoretical point of view, our results are related to the fact that the orography triggers lee anticyclones. As there is a large body of theoretical literature in mountain meteorology related to the development of lee cyclones [see, e. g., Smith, 1979] , we will need to check if these theories can be adapted to our cases in order to understand our statistical results from a theoretical point of view.
